Aims. Despite the frequent discussion of the starburst phenomenon in extragalactic astronomy, the concept remains ill-defined. Here we intend to use a strict definition of "starburst" to examine the statistical properties of starburst galaxies in the local universe. A second aim is to establish a link between starburst and post-starburst galaxies and seek relationships with active galaxies. Methods. We selected potential starburst galaxies from the Sloan Digital Sky Survey and analyzed their stellar content using a spectral evolutionary model. We applied an age dependent dust attenuation correction and derived star formation rates (SFR), ages and masses of the young and old populations. We compared these masses with dynamical masses derived from the Hα emission line width and found a tight 1-1 relation. The final starburst sample was selected using the the birthrate parameter criterion b =
Introduction
The starburst concept was established about three decades ago (Rieke et al. 1980; Weedman et al. 1981) . Originally it concerned nuclear starbursts but later, in connection to the results from objective-prism surveys, a "starburst galaxy" came to refer to global starbursts in sub-L * galaxies. Today, roughly 2 papers per day, or 5-10% of all extragalactic papers in refereed journals contains the word "starburst" in the abstract. However, despite this seemingly very familiar concept we still lack a commonly accepted definition of what a starburst is. This is a bit worrisome since starbursts are associated with several important processes in the evolution of a galaxy. Among these are the ignition of activity in Active Galactic Nuclei (hereafter AGNs) (Sanders et al. 1988; Kauffmann et al. 2003a; Knapen 2004) , an intense production of super star clusters (O'Connell et al. 1994; Meurer et al. 1995; O'Connell et al. 1995; Ho & Filippenko 1996; de Grijs et al. 2003; Adamo et al. 2010 ) and morphological transformations due to rapid gas consumption and supernovae/AGN driven global superwinds (Chevalier & Clegg 1985; Heckman et al. 1990; Springel et al. 2005; Scannapieco et al. 2005) . Starburst
Send offprint requests to: N. Bergvall galaxies are also suggested to be responsible for opening channels for Lyman continuum radiation to leak out and contribute to the cosmic reionization at redshifts below z∼11 (e.g. MiraldaEscude & Ostriker 1990; Songaila et al. 1990; Madau 1991; Heckman et al. 2011 ).
There is a problem however in the sense that inconsistencies in the definition of a starburst have led to considerable confusion in the field. For example, at low redshifts a strong Hα emission and at high redshift a high star formation rate (hereafter SFR) are often taken as evidence for starbursts, although this is not necessarily the case (see below and Noeske et al. 2007; Elbaz et al. 2007; Daddi et al. 2007 Daddi et al. , 2010 . This problem can only be remedied by applying more accurate constraints on the definition of starbursts. The present investigation adds to several previous efforts by other groups (e.g. Kauffmann et al. 2003b; Brinchmann et al. 2004; Kim et al. 2006; Obrić et al. 2006; Barazza et al. 2006; Li et al. 2008; Knapen & James 2009; Lee et al. 2009b; Scudder et al. 2012) to investigate the galaxy content in the local universe and derive a more consistent view on starbursts from various aspects. Here we will formulate our favoured definition of a starburst that we then will apply to galaxies in the Sloan Digital Sky Survey (SDSS). Our definition is similar to that used 1. Identify starburst and post-starburst (hereafter called postburst) galaxies and derive their luminosity functions (hereafter LFs). 2. Derive lifetimes of the bursts and masses of the burst and 'host' components. 3. Examine the evolutionary link between starburst and postburst galaxies. 4. Study the starburst -AGN connection.
5. Investigate what importance starbursts have on the transition across the 'green valley' -what is the starburst shutdown mechanism?
In this article we will focus on the first three issues. Several statistical investigations of SDSS star-forming galaxies have already been published (e.g. Hopkins et al. 2003; Kauffmann et al. 2003b,c; Gómez et al. 2003; Nikolic et al. 2004; Brinchmann et al. 2004; Asari et al. 2007; Salim et al. 2007 ; Kewley & Ellison 2008; Mannucci et al. 2010; Torres-Papaqui et al. 2012; Fang et al. 2013; Su et al. 2013; Izotov et al. 2014 ) and we will discuss how some of these results relate to ours. We will focus on galaxies of low-intermediate masses.
Sample selection

Defining a starburst
We begin this discussion with an effort to lay down a definition of a starburst that can be used to quantitatively investigate its impact on galaxy evolution. How to define a starburst has been widely discussed over the years (see e.g. Knapen & James 2009 , and references therein). Firstly, starbursts have high star formation efficiencies and consume their fuel faster than normal galaxies (see e.g. Kennicutt 1998) . Therefore, to qualify as a starburst, the global gas consumption time scale has to be significantly shorter than a Hubble time. This requirement is generally accepted by the astronomical community. The problem appears in the next step -how important is the starburst for the evolution of a galaxy? It may be a fairly simple procedure to derive the SFR and find out if it is extreme enough to qualify as a starburst. But what we also want to know, from a galaxy evolutionary aspect, is how much gas is consumed during the starburst phase and if the starburst is powerful enough to produce a massive blowout of the gas in the central regions. This information cannot be obtained from one parameter and we will explain below how we chose to work on this problem.
A starburst will lead to an increase in the SFR that is significantly higher than the mean past SFR. If this is true we call the phenomenon a global starburst. If true for a smaller region of the order of 100 pc we call it a local starburst region. If the increased star formation activity affects a localized region of the galaxy, as e.g. in 30 Dor of the LMC, the galaxy will probably not be classified as a starburst since as a whole it will not fulfill the first criterion. A special type of starbursts occurs in the centres of more massive galaxies, typically with baryon masses exceeding 10 10 M . These are called nuclear (or sometimes circumnuclear) starburst galaxies Balzano 1983) . The starbursts in these galaxies are restricted to a region in the centre with a size of < 1 kpc. A prototype of such a galaxy is NGC7714 . In the following we will not include these galaxies in the discussion unless they also qualify globally as starburst galaxies. Now we have qualitatively defined starburst galaxies but how can we quantify the concept, such that we can apply useful criteria in the selection of starburst galaxies for a statistical study? Historically, the first use of the designation starburst was referring to quite a dramatical global increase in SFR. Today the starburst concept has become watered-down and is sometimes even used for late type galaxies in general. Even the well known 'starburst' galaxy NGC 4038-4039, "The Antennae", just barely qualifies as a global starburst if we use the soft starburst criterion based on the birthrate parameter discussed below (Nikola et al. 1998; Gao et al. 2001) .
The character of the starburst also changes with galaxy mass. It has become evident that global starbursts in massive galaxies are rare exceptions. Starbursts in these galaxies are almost exclusively of the "nuclear starburst" type and involve a moderate amount of the total gas mass. Exceptions are the Luminous Infrared Galaxies (LIRGs) and Ultraluminous Infrared Galaxies (ULIRGs). The high dust obscuration of the latter makes it difficult to conclude if these galaxies are powered by starbursts or AGNs without supplementing the optical observations with observations in other wavelength bands. In some cases however (e.g. Downes & Solomon 1998) , it can be concluded that strong starbursts are active in the central regions. As we go towards higher luminosities, the dominance of AGNs as the major power sources increases.
The problem with applying corrections for dust obscuration in star-forming galaxies based on data from the optical region increases continuously with mass and in certain cases becomes severe. This is also a reason why we will focus our discussion in this paper to galaxies with luminosities around L * or fainter. We will quantify the influence of dust as function of mass below.
In the present investigation we will only use spectral information from the (mostly) central 3 of the target galaxies (the diameter of the SDSS spectroscopic fiber aperture). Most of our objects are at low redshift. Fig 1 shows a histogram of the redshifts in the starburst and postburst samples. At z=0.02 the aperture will be 1.2 kpc and at the median redshift, z=0.07, the aperture is 4 kpc. At the maximum redshift we will explore (z∼0.3), the aperture corresponds to a size of about 13 kpc. The typical scale lengths of luminous starburst galaxies is 2-3 kpc. The effective radius is about 70% of this, i.e ≈ 2 kpc. Thus in the majority of the cases, if we talk about sub-L * galaxies, much more than 50% of the light is within the aperture (cmp. Sect. 3.4). At higher luminosities we are more restricted to nuclear starbursts. Later we will have a look at systematic trends with redshift that can be caused by aperture effects and decide whether we need to correct for such potential problems.
To quantify the strength of the starburst we choose the often used birthrate parameter (Kennicutt 1983) ,
i.e. the ratio between the present SFR and the mean SFR over the lifetime of the galaxy. This will be our primary criterium to characterize the star formation activity. We will call a galaxy with b ≥3 a starburst galaxy. The b-parameter should not be confused with the burst strength, "b", defined by Larson & Tinsley (1978) which gives the ratio of the burst mass over the mass of the old population. This is an alternative characterization of a starburst and we will discuss a similar parameter below, the burst mass fraction. The SFR used to calculate the b-parameter is derived from the Hα flux. Using the relation obtained from our model, assuming a 20% solar metallicity, we can derive the SFR for a stellar population with a Salpeter initial mass function (hereafter IMF):
where the Hα luminosity L(Hα), after correction for dust attenuation, is given in Watts. As was shown by Bell & de Jong (2001) and given more support by Schiminovich et al. (2007) and de Blok et al. (2008) , spectrophotometric masses based on a pure Salpeter mass function results in M/L systematically higher than M/L based on maximum disk fits to galaxy rotation curves. The Kroupa IMF (Kroupa 2001) seems to give better agreement (de Blok et al. 2008) . Therefore it was proposed to modify the results based on the Salpeter IMF by simply multiplying the derived masses with a factor 0.7, corresponding to an IMF with a reduced number of stars below 0.35M . As we will show below in Sect. 4.2, this modification is also supported by our data. During the rest of the paper we will adopt this so called "diet" Salpeter IMF as we calculate masses, M/L ratios and SFRs:
The birthrate parameter will be our main tool to define what a starburst galaxy is. A strong starburst in the "classical" sense would have b 10. Such cases exist in the local universe but are rare objects (see e.g. Östlin et al. 2001a) . Also, the more massive low-redshift starbursts galaxies seem extremely rare. We only find one ULIRG within 100 Mpc -Arp 220. Within this volume we find of the order of one hundred thousand normal galaxies. However one may argue that as concerns starbursts in massive gas-poor galaxies, the weak criterion b ≥3 corresponds to a roughy 10-folded increase in SFR if compared to the present SFR in the quiescent phase.
Our simple model of the stellar content in a starburst galaxy will be described below. It assumes that there are two stellar populations -a burst population and an older host population. Among the properties we will derive are the ages and masses of these two populations. The dominance of the young population in the optical spectral region of a starburst may cause a very high uncertainty in the derived fraction of old stars to the total flux. This problem and other reliability issues related to the modelling are discussed in the Appendix at the end of the paper.
The starburst criterion we use here, b ≥3, was also discussed e.g. in the large important investigation of star-forming galaxies in the SDSS by Brinchmann et al. (2004) and also in Kauffmann et al. (2003b) in a study of descendants of starburst galaxies. We will comment on their results in relation to ours below. In addition to the b-parameter we will also discuss the mass fraction of the burst population or burst strength, f burst =M burst /M tot . This parameter is closely related to the strength of the Hδ absorption lines in postburst galaxies which we will discuss below.
Connecting starbursts with their postburst descendants
A few 10 7 years after a major starburst epoch has ceased, the aging population of the starburst will produce a characteristic postburst spectral signature with strong Balmer lines in absorption. We will use this signature to define our postburst sample. The only constraint we will use here is that the equivalent width of Hδ in absorption is EW Hδ <-6Å, the negative sign indicating that we are dealing with an absorption line (henceforth we will use this convention: negative sign meaning absorption line and positive sign meaning emission line). We want to point out however that this criterion does not guarantee that the progenitor was a starburst. A galaxy with a constant SFR and b ∼1 lasting 1 Gyr can also produce a postburst spectrum. Fig. 2 shows model predictions of the evolution of Hδ under two different star formation histories -an instantaneous burst ( Fig. 2a ) and a burst with constant SFR during 100 Myr (Fig.  2b) . Here we use the models of Bruzual & Charlot (2003) that have a slightly better temporal resolution than our model. As we see in the diagram, the postburst epoch sets in quickly after the burst has ended and lasts about 1 Gyr, about 10 times as long as the typical starburst lifetime (see below).
A subset of postburst galaxies are the so called E+A, k+a or a+k galaxies (Dressler & Gunn 1983; Dressler et al. 1999) . These also show strong Balmer lines in absorption but no [O II]λ3727 or Hα in emission. In our postburst sample we accept the presence of [O II] and Hα that reveal ongoing star formation, AGN activity or shock heating but with a much lower intensity than during the burst period.
In the work by Kauffmann et al. (2003b) , the past star formation history of SDSS galaxies is investigated. As a rough indicator of the SF history, they use the strength of the 4000Å break, D(4000), and the Hδ absorption line index. The indices are used to estimate the burst mass fraction during the last few Gyrs. Bayesian likelihood estimates are derived from Monte Carlo simulations. One of the results they obtain is that galaxies with EW Hδ <≈-6 Å in 95% of the cases should have experienced a burst of a strength f burst >5% during the last 2 Gyr or so. Here we will also use the Hδ criterion to select our postburst sample. However, when we look at the results from our analysis of the burst mass fraction in the postbursts, we end up with slightly different results than what Kauffmann et al. found . We find that the burst strength in more than 95% of the cases is f burst > 3% which is lower than the >5% they found in their studies. This number is rather shaky, since it is quite difficult to derive the burst history from a postburst spectrum. So, the figure 3% should be taken with a pinch of salt.
We now look for criteria that will make it possible for us to identify the precursors of the postbursts. For this purpose we use predictions from the model by Zackrisson et al. (2001) (later sometimes referred to as the "Uppsala model"). This includes a Upper diagrams: Our model predictions of EW Hα,em as function of the duration of the burst when 3 and 30% of the total mass is formed during a burst with constant SFR. Two different scenarios are displayed: 1) a burst in an old galaxy where the stars were formed in a single burst (hatched line) and 2) a burst in a galaxy which has had a constant SFR over a Hubble time (solid line). Lower diagrams: The evolution of the b-parameter. The limit of our criterion of a starburst, the 'soft criterion', stating that b ≡
S FR
<S FR> ≥3, is marked with the horizontal line in the lower diagrams. The blue inclined line corresponds to mass fractions of 3 and 30% respectively. The vertical lines indicate the maximum ages of a starburst with mass fractions 3 and 30% respectively, to fulfill the soft starburst criterion. The horizontal lines in the upper diagrams indicate EW Hα,em at that burst length and the corresponding EW Hα,em in numbers are given below. The shaded area indicates a region containing starbursts according to the b-parameter criterion but which will not be powerful enough to produce postbursts according to the EW Hδ,abs < −6Å criterion. nebular component generated by the emission from the young stellar population in the model. From the model we thus can obtain the equivalent width of Hα in emission (EW Hα ) as function of the duration of the burst. In Fig. 3 a we show how EW Hα varies with the duration of the burst. It is important to be aware that with this diagram the purpose is not to show the evolution with time of EW Hα but rather how the burst impacts on the galaxy spectrum if we assume the same mass fraction but different durations of the burst, as given on the abscissa. Obviously the influence of the burst weakens with increasing duration and the b-parameter decreases linearly with the inverse of the duration of the burst. We look at two different burst mass fractions, f burst = 3% and f burst = 30%. In one case we assume that the burst is taking place in an old galaxy formed in a single burst (age ∼ 14 Gyr) and in the other case we assume that the burst is taking place in a galaxy which has had a constant SFR over its lifetime. We can see from Fig. 3 that if we assume that the minimum burst mass of a postburst galaxy is 3%, the starburst cannot be older than 100 Myr. There may be younger galaxies that qualify as starbursts from the b-parameter criterion (the shaded area in the diagram), but they will not show up as postbursts since f burst <3%.
From a semantic aspect we find it proper to say that to qualify as a burst, the duration of the SF epoch should not be longer than ∼1 Gyr. From Fig. 3 we see that for a duration of 1 Gyr and b=3, the mass fraction is 30% and EW Hα is 150Å. Thus one may say that a minimum (but not sufficient) requirement for selecting starbursts is that EW Hα >150 Å. A galaxy with continuous SFR over the age of the universe has EW Hα ∼ 100Å. In many studies of starbursts based on EW Hα , the lower limit is often chosen to be 100 Å. Does this mean that a large portion of the galaxies in those samples should be disqualified as starbursts? Maybe not. As we will argue below, the concept of age dependent dust attenuation will lead to a reduction of the observed strength of Hα but also the equivalent width. We estimate the maximum reduction to be a factor 2-3 (assuming a dust attenuation in the V window A V 1.5 m for ages ≥ a few Myr). Thus in order to be on the safe side, one should examine all galaxies with EW Hα above 150 Å divided by this factor. Here we have chosen our selection criterion to be EW Hα > 60 Å. From this potential starburst sample we then select the final sample according to more strict rules.
AGNs
As we go towards higher luminosities the importance of AGNs in combination with centrally concentrated star formation increases. Statistically (see Fig. 17 ), AGN dominated galaxies occur as frequently as starbursts at an absolut magnitude slightly brighter than M r ∼-21. If the energy production in the central region is dominated by AGN activity it will be difficult to derive information about the possible presence of a starburst. However, if we can properly link starbursts with postbursts, we have an opportunity to statistically determine how frequent starbursts occur in active galaxies of different luminosities by using postbursts as indicators of preceding bursts. We intend to go into detail about this in a forthcoming paper. Here we will first look at the LFs of the three types -starburst, postburst and AGNs. To identify AGNs we used two criteria -1) a lower FWHM limit of the Bruzual & Charlot (2003) . No nebular emission is included in the model. The upper diagram a shows the evolution in a population that has experienced a short burst and in b the SFR has been constant for 100 Myr before being abruptly shut down. The model results for three different metallicities, Z=0.005 (dashed-dot blue), Z=0.02 (solid green) and Z=0.05 (dashed red) are shown. Our selection criterion for a post-starburst galaxy (EW Hδ <-6Å) is indicated with the horizontal yellow line.
Hα emission line and 2) the BPT criterion (Baldwin et al. 1981) as parameterized by Kauffmann et al. (2003b) . We summarize the conditions in the next section.
Summary of selection criteria
Here we present the final selection criteria for the spectral types we wish to work with. The data were collected from SDSS DR7 (Abazajian et al. 2009 ). Three samples were created -a starburst sample, a postburst sample and a sample with AGNs. Selecting an AGN sample is motivated by the need to take into account the mixture of AGN and starbursts. In addition to the spectral criteria we also chose a redshift range of 0.02≤z≤0.4. The limiting magnitude of SDSS main sample spectroscopic data is m r ∼17.5 (Strauss et al. 2002) . At a redshift of z=0.4 this corresponds to an absolute magnitude of M r =-30. At this luminosity this will be difficult to separate starbursts from AGNs so we chose it as an upper limit for our purpose. The lower limit was chosen to reduce the problems with deviations from the Hubble flow with the corresponding negative impact on the determination of absolute luminosities from the Hubble law and secondly, aperture biases, discussed in the next subsection. Our selection criteria can be summarized as follows:
• 0.02<z<0. 
The data retrieval
To put these selection criteria into practice, we ran queries on the CasJobs interface of SDSS DR7 1 , first selecting the ObjectIDs and corresponding SpecObjIDs that connect the photometry tables with the spectroscopic data. In order not to skew the redshift distribution between starburst and postburst candidates, we chose only galaxies from the main galaxy sample (Strauss et al. 2002) , excluding for example the Luminous Red Galaxy sample ) which would have played mainly into the postburst sample. We also set the flag to avoid blended objects and required the confidence of the redshift-determination to be > 95%. Using the selected IDs, we retrieved the different photometric and spectroscopic measurements from the SDSS tables as needed and mentioned in the appropriate context below. We also downloaded the corresponding SDSS spectra as FITS files for the targets which we de-reddened and used for the model fits.
An example of a query we used: 
Spectral analysis
Remeasuring spectral lines
When we analysed the SDSS spectra we found a problem with the SDSS derived values of the equivalent widths of Hδ in absorption. In many cases the Hδ line was misidentified or there were problems with the continuum fit. We therefore remeasured all Balmer lines. We did this by defining a relatively line free region on both sides of the line. Then we calculated the mean fluxes of these regions and interpolated linearly between these across the line region to define the continuum level. In Table 1 we list the spectral windows used. Fig. 4 shows how our measurement of EW Hα in emission correlates with the data from SDSS. The agreement is good, with a trend for the SDSS values to be slightly larger (<20%). The correlation between EW Hδ in absorption however is much worse as is seen from Fig. 5 . The Sloan data contain lots of large negative values, inconsistent with properties of a normal stellar population. In Fig. 6 we plot EW Hδ versus EW Hγ from our remeasured data. We see a broad distribution with a clear correlation, indicating that the data are reliable, albeit with a strong noise component, mainly from the Hγ line. 
Spectral modelling
In the modelling of the SDSS spectra we will assume that the stellar population has two components -a young and an old population. The young component may have a range of ages, from 0-10 Gyr while the old component has a fixed age of 10 Gyr. We chose this age to agree with the cosmic lookback time at peak cosmic SFR (Hopkins & Beacom 2006) . Observations of local dwarf galaxies also support the formation of most of the stars at z>1 (Weisz et al. 2011 ). In the first tests of the model we also had a look at cases where the old population had a declining SFR over various timescales. In the mean, however, the best fits were obtained with models assuming that the old population formed over a short period of time < ∼ 100Myr. The library of spectra we use is based on our in-house spectral evolutionary model (Zackrisson et al. 2001) . This model has a stellar mass range of 0.08-120 M , a Salpeter mass function and includes a nebular component based on CLOUDY (Ferland 1996; Ferland et al. 1998 ).
In the modelling, the programme steps through the spectral library of the young population with increasing age. At each step the young population is mixed with the old in various proportions, each time making the mix the most optimum one to agree with the observations. The programme finally chooses the solution that gives the lowest χ 2 of the different fits. We have tested various combinations of models that have different star formation histories and metallicities and finally decided to use a restricted number of model parameters given in Table 2 . The table contains the Mode parameter. The Mode can be either a constant SFR over a time period given by τ or an exponentially declining SFR according to S FR ∝ e −t/τ , where t is the age. Our preliminary tests favor an exponentially declining SFR instead of a constant rate. An exponentially declining SFR is also supported by models (Di Matteo et al. 2007 ) (but see also (Hopkins & Hernquist 2010) who propose a power law at the end of the burst). Each track starts at an age of 0.5 Myr. The time steps along each track were interpolated to a size of 0.04 dex.
In the fit to the Sloan spectra we used two different approaches, one for the emission line galaxies and one for the postburst candidates, which we will now describe. Table 2 . Basic setup of model parameters used in the old/young mixture. The models either have an exponential or constant star formation rate with τ corresponding to the timescale of the exponential decline time scale or the duration of the burst.
Model
Age group Mode τ (yr) Age ( 
Emission line galaxies
We first derive the Hα/Hβ ratio from the SDSS spectrum as an indicator of the amount of dust attenuation. Then we step through the library of the model spectra from low to high ages. The library contains model spectra of ages increasing with 1 Myr between 0-20 Myr, 10 Myr between 20-150 Myr, 20 Myr between 150-250 Myr, 100 Myr between 250 Myr-1 Gyr and thereafter 1 Gyr. For each age there exists a set of reddened spectra with a range of values of the extinction coefficient. Each of these spectra is based on a sum of spectra of younger populations, assumed to have the same or higher dust opacity than the present population, as described in Sect. 3.3. For each time step we thus step through the library with increasing attenuation until we obtain a value of Hα/Hβ that corresponds to the observed value. We interpolate linearly among the spectra until we have obtained the best agreement. Once we have this value, we automatically get a value of the extinction in the old stellar component as we describe in Sect. 3.3. We then mix the reddened old and young model spectra so that EW Hα agrees with the observed value. This is the final model spectrum for this particular age. We then step to the next age. When EW Hα of the model spec- trum is lower than the observed one, the process is stopped and the fit that gives the lowest χ 2 is selected. As an output from the model we obtain the age, relative mass and M/L of the burst population, the M/L and relative mass of the old population (the age is always assumed to be 10 Gyr), the corrected Hα flux and the mean b-parameter. Having access to the distance to the galaxy we can also obtain masses and SFRs based on the corrected Hα luminosity. An example of the modelling is seen in Fig. 7 .
Postbursts
The postburst spectra are modelled by mixing a young and old population in proportions that gives the same EW Hδ as measured in the SDSS spectra. A condition is of course that the young population has sufficiently strong Hδ in absorption to make this possible. As we describe in more detail in Sect. 3.3 we then derive the dust attenuation in each time step by gradually increasing the amount of attenuation in the model until we get the best fit to the observed spectrum. This procedure is repeated time step after time step until the postburst epoch is over. The best fit is then chosen as the solution. An example of the modelling is seen in Fig. 8 . As we have limited possibilities to classify certain types of AGNs weakly present in postburst galaxies one should be aware that a substantial part of the postburst sample may host AGNs at higher luminosities. This starts to become a problem for galaxies brighter than L * . We will discuss the situation in Section 4.1.
Corrections for dust attenuation
If only optical spectra are available, the corrections for dust attenuation are normally based on the Balmer emission line decrement, in particular the Hα/Hβ ratio. This is very useful if the Balmer lines are strong. But even if they are, it is not straightfor- ward to apply the corrections since what we measure is a luminosity weighted mixture of contributions from regions of different dust content. In postburst galaxies the Balmer emission lines are practically nonexistent and we have to use another method. Below we will describe how we have treated the effects of dust attenuation in the two cases.
Emission line galaxies
Traditionally the spectral distribution and strengths of the emission lines have been corrected for dust attenuation using the observed Hα/Hβ emission line ratio as compared to the dust free condition. A relevant extinction curve is then applied to make a correction for an interstellar medium (ISM) of this type of galaxy. In most cases it has been assumed that the attenuation can be approximated by a foreground screen of dust whose dust column density is independent of the spatial distribution, age and metallicity variations across the main body of the galaxy. However, it has been obvious over many years that this is too crude an approximation. The attenuation in young star-forming regions is about 2 times higher than in older regions in the same galaxy (Calzetti et al. 1994 ). In the study by Charlot & Fall (2000) the effect of dust attenuation and how it changes with time during the early star-forming period when star clusters and super star clusters are formed is discussed in detail. This model has been applied and further developed in various analyses of spectra of star-forming galaxies (e.g Brinchmann et al. 2004; Pacifici et al. 2012) . In this paper we adapt a similar approach to improve the correction for dust in starburst galaxies. To first approximation it is our purpose to take the changes in the extinction coefficient during the early phase of star formation into account. Thus, we will in our modelling consider different corrections for dust attenuation of the observed spectral properties of the stellar populations in the galaxy depending on one parameter -the age of the young stars.
It is well known that a significant part of the star formation in starburst galaxies occurs in young stellar clusters. The fraction of stars formed in clusters increases with star formation density (Goddard et al. 2010 ) and may reach high numbers. E.g. Adamo et al. (2011a) conclude that in the nearby well investigated luminous blue compact galaxies ESO 338-IG04 and Haro 11, the amount of stars formed in clusters is ∼ 50% while the remaining stars are formed in associations and agglomerates. Here we will assume that the age dependence of dust attenuation found in clusters can be applied to the galaxy as a whole. We show below that the fits of the model spectra to the SDSS data are significantly better with this approach.
As we mentioned above, it was established many years ago that the dust attenuation in star-forming galaxies is about a factor of 2 lower in the older regions than in the younger and these results have been confirmed also in studies based on spectral evolutionary models (hereafter SEMs) (e.g. Asari et al. 2007 ). But there is strong support that the youngest population, i.e. the first few Myrs, is more severely affected than the young population of a normal mean age. The extinction is many times higher when a star formation region is only one million years old than a few millions years later when the ambient dusty clouds have been dispersed, while it appears to become constant over the rest of the time when the star-forming region is producing ionizing photons.
In several papers (Goddard et al. 2010; Adamo et al. 2011b ,c) the dust attenuation has been derived for star clusters of different ages. The trends found in these investigations seem to give a similar relation between the amount of attenuation and age. Following these results, we have roughly adopted a relation between age and attenuation according to Table 3 below where A 0 is the attenuation during the major period of star formation. We model the Hα and Hβ line strengths as a function of age for a range of attenuation values corresponding to an attenuation in the V band of 0 ≤ A 0,V ≤ 3.8 magnitudes. As we model the SDSS spectra we step through this library with increasing age. For each age we choose the model that gives the best agreement with the measured Hα/Hβ ratio. This gives us A 0 . For the case of continuous star formation, each output with age ≥ 3 Myr contains stellar components with a range of values of the attenuation. In Fig. 9 we show the distribution of the χ 2 residuals from the best fitting models of the Sloan spectra. Two cases are shown, one where we treat the dust attenuation according to above and the other where the dust attenuation in star-forming regions is twice that of non-star-forming regions. We see a clear difference between the two cases, in favour of our approach. The way we correct for dust attenuation has an important consequence. Since the attenuation is strongest during the epoch of highest Lyman continuum photon production, it means that EW Hα will be lower than if the extinction should be assumed to be constant during the entire SF epoch. We illustrate this is Fig. 10 where we show the difference between our model and the case of constant attenuation. We see that e.g. in the case of A 0,V =1 mag., the case of variable attenuation will dimin- Fig. 9 . The reduced χ 2 of the spectral fits adopting two different procedures for correction for dust attenuation. The hatched distribution shows the distribution after applying the corrections according to Tab. 3 above. The other line shows the distribution after we have applied the more classic approach with an extinction coefficient that is twice as high in star-forming regions compared to passive regions.
ish EW Hα up to 50%. When we discussed the selection criteria above we argued that a lower limit to EW Hα of 120Å would be a sufficient criterion to make sure that most starbursts would be captured. If we now take the effects of age dependent attenuation into account, we need to lower the EW Hα selection criterion. In Fig. 11 we show the distribution of the attenuation in the V-band derived for the galaxies in the starburst sample. It is obvious from the diagram that the median attenuation is ∼ 0.6 mag. An attenuation of A V =1 mag. can suppress EW Hα with a maximum of 50%. Few of the galaxies have higher A V than this. We consider it extremely unlikely that we find starburst galaxies which have EW Hα < 60Å and this is the reason we have adopted EW Hα ≥60Å as one of the criteria in our selection of starburst candidates.
Postburst galaxies
In the postburst sample we cannot use the Balmer emission lines to derive the dust attenuation. Instead we have done the following. As in the case of the starburst candidates, we step through models of increasing age and select candidates that have EW Hδ ≤-6Å. At each time step we vary the attenuation in steps of A V =0.1 magnitudes in the range 0≤ A V ≤1.5 magnitudes. For each value we make a fit. Finally we choose for each time step the case where the χ 2 test gives the best result. We then apply the derived value of A V on the model spectra. The distribution of A V is shown in Fig. 12 . It can be compared to the results from Kauffmann et al. (2003b) . We can conclude that the results agree in the sense that >99% of the galaxies have A V <1.5. The peak in our distribution differs by ∼0.2 mag or 20% if we transform the z magnitudes (used by Kauffmann et al.) to V magnitudes but the medians are quite similar. We also find agreement with the investigation by Melnick & De Propris (2013) . This makes us confident in our way of deriving the dust attenuation.
Here we assume that the dust is homogeneously distributed across the galaxy. This is a rough approximation and one may Fig. 10 . a) Model of the evolution of EW Hα in a star-forming galaxy under two different conditions for dust attenuation. The attenuation in the V band during the major star formation epoch is A V =1 mag. and the SFR is constant. The full drawn line shows how the equivalent width changes with age assuming constant dust attenuation. In this case EW Hα is identical to the dust free case. In the second case, shown in the dashed line, we assume an age dependency in the attenuation. b). The ratio between EW Hα in the two cases. The figure shows that EW Hα in the age dependent dust attenuation case drops off up to ∼ 50%. question if it is accurate enough to be applicable to the data in our statistical investigation. One could imagine that postburst cases where no or very weak emission lines are seen could perhaps host a starburst with high dust obscuration in the centre. But such cases appear to be quite uncommon. A look at the distribution of the young stellar population shows that the blue population is mostly concentrated in the centre but over a larger volume (Swinbank et al. 2012 ) than young stars in nuclear starbursts (normally constrained to the central 1 kpc). If there is a dusty starburst in the centre it should reveal itself by free-free emission in the radio domain. In a search for 20 cm emission from 36 E+A galaxies (EW Hδ ≤ -6 Å and no [O II]λ3727 or Hα) Goto (2004) could set upper limits that excluded strong starbursts in 34 of these galaxies and moderate starbursts in the more nearby (z≤0.15) cases. This was confirmed by a similar study by Nielsen et al. (2012) of a sample of 811 K+A galaxies obtained from the FIRST survey, based on 1.4 GHz radio observations. The origin of 1.4 GHz emission is primarily thought to be synchrotron radiation from relativistic electrons, accelerated by the shocks from supernova ejecta. The signal thus can be calibrated to be used as a measure of the SFR. The results from this study is consistent with very weak or no star formation activity in general. One should also remember that a substantial part of the postburst galaxies may host AGNs which also contribute to the radio emission (Hooper et al. 2007 ). It thus seems we can safely assume that the dust corrections we apply are valid for most of the stars we observe in the central region.
General validity of the correction for dust attenuation
In Fig. 13 we show how the correction factor for dust attenuation for Hα varies with SFR after correction for attenuation. How does this agree with other observations? Afonso et al. (2003) investigated the correlation between the SFR derived from the 1.4 GHz emission and from the Hα line and the correction factor can be estimated from their diagrams. Kennicutt et al. (2009) used Spitzer 24µ observations to compare with SFR determined from Hα. Although the scatter in both their data is large, we find a good (∼ 20-30% at highest SFR) agreement between our result and theirs. At low luminosities, the SFR derived from Hα has been shown to be underestimated as compared to SFRs derived from UV fluxes (Lee et al. 2009a) . One problem may be a significant UV leakage from the H II regions (Relaño et al. 2012 ). Yet another problem at low luminosities is the stochasticity of the IMF. However these problems typically emerge at a SFR below 0.01 M yr −1 (da Silva et al. 2012) and thus should have a minor effect on our sample (compare the range in SFR in Fig. 13 ).
Aperture effects
Due to the small 3 cross section of the SDSS spectrograph fibers, one has to worry about aperture losses at small redshifts. This problem has been discussed at length by Brinchmann et al. (2004) in their study of star-forming galaxies in the local universe (see also other references in the same paper). They applied corrections to their data which they claim almost removed the bias. In the present investigation we wish to focus on low-tointermediate luminosity starburst galaxies, hence we also want to push the limit as low as possible without introducing demonstrably large uncertainties in the derived data. However, we still choose a lower redshift limit (z low =0.02) which is 4 times higher than the z low =0.005 used by Brinchmann et al. (2004) . Thus our data should be less affected by aperture losses than theirs. In Fig. 14 we show the frequency distributions of the radii encompassing 50% (R 50 ) and 90% (R 90 ) of the Petrosian fluxes of our starburst galaxy candidates. It is reassuring to see that the SDSS aperture in almost all cases encompasses more than 50% of the Petrosian flux. This should make the simple linear extrapolation of the data obtained from the spectroscopic analysis to global properties quite reliable. But we need to look at a more rigid test.
In Fig. 15 we show how the median values of EW Hα depend on redshift. There are significant trends with redshift, in particular in the -17>M r >-19 box. This seems to imply that we have rather serious aperture effects. However, after remeasuring EW Hα and applying the corrections for dust attenuation we see from Fig. 16 that the trends are very weak (notice that the ranges on the y-axis have been changed). Above z=0.02 the data seem to be safe to use. 
Results
The luminosity function
The LF Φ is often derived from the relation
where dN(L) is the observed number of galaxies within the luminosity interval L − dL/2 < L < L + dL/2 and V(L, m lim ) is the volume defined (in our case) by the lower redshift limit and the redshift corresponding to a distance where a galaxy of luminosity L has an apparent magnitude corresponding to the limiting apparent magnitude m lim . This relation holds true for a homogeneous distribution of sources. In shallow surveys local inhomogeneities may cause problems, in particular at low luminosities. By choosing a lower redshift limit of z=0.02 we think we will overcome the most serious problems of this kind except for the very faintest parts of the sample. Small number statistics Fig. 16 . The figure shows how the EW Hα varies with redshift after remeasurements and correction for dust attenuation. The data are displayed as surface density maps, darker regions meaning higher data density.
will also increase the uncertainty at low fluxes. At the high end one may have problems with evolutionary effects. We have very few objects above z=0.2. Thus the upper redshift limit is sufficiently small to exclude that evolutionary effects have influence on the results, in particular at the low-mid range luminosity region.
In Fig. 17 we show the derived LF for 5 sets of data: 1) starburst galaxies with a birthrate parameter b >3 2) star-forming galaxies with a mass fraction of the young population > 3% 3) postburst galaxies 4) AGNs in the emission-line galaxy sample 5) the full galaxy LF of the local universe as derived by Blanton et al. (2001) .
There are a few conclusions we can immediately extract from the diagram. Starburst galaxies defined both from the birthrate parameter and the mass fraction criterion are much more uncommon than what is generally assumed. AGNs start to become significant relative to starburst galaxies at an absolute magnitude of M r ≈ -20.5. At fainter luminosities we have more or less clean cut cases of starbursts. If we base our definition of starburst on the b > 3 criterion, those galaxies contribute no more than 0.25±0.03% to the total LF. According to Karachentsev & Karachentseva (2004) , about 70% of the dwarf galaxies in the local universe are star-forming. Consequentlyonly 1 star-forming galaxy out of 300 is a starburst galaxy. We will show below that the mean SFR in starburst galaxies is 5 times the mean which corresponds to SFR ∼5 M yr −1 for at galaxy of mass 10 10 M . The present mean SFR in star-forming galaxies of masses 10 9.5 -10 10.5 is ∼ 0.5M yr −1 (Brinchmann et al. 2004; Mannucci et al. 2010) . Thus starburst galaxies contribute with 3 -4% to the present star formation in galaxies of these masses. An alternative way of deriving this number is by using the volume averaged b-parameter derived by Brinchmann et al. (2004) , < b >=0.41h 70 −1 . This gives us a ∼10-folded increase in SFR which again gives us 3-4%. To this we have to add the contribution from starbursts hidden in AGNs. According to Brinchmann et al. (2004) 15% of star formation occur in AGNs. So we definitely stay below 5% in total.
At the high luminosity end the fraction of starbursts decreases faster than the total LF. We think part of the explanation is that the dust attenuation problems become severe but also The LF of 1) starburst galaxies with a birthrate parameter b >3 2) starburst galaxies with a mass fraction of the burst f burst > 3% 3) postburst galaxies 4) AGNs in the emission-line galaxy sample 5) the full galaxy LF of the local universe as derived by Blanton et al. (2001) . The sampling completeness limit based on the apparent spectroscopic limit m r =17.5 and the redshift limit z=0.02 is indicated with a vertical hatched line. Lower diagram: The relative fraction of the different samples with regards to the total LF, as a function of absolute magnitude.
that AGNs are emerging alongside the starbursts. Galaxies in which the AGN component dominates will be classified as AGN even though the galaxy also may host a strong starburst. This is obvious from the lower part of Fig. 17 . We see that postburst galaxies have a flat distribution at high luminosities while the relative number of starbursts are strongly decreasing with luminosity. We will show below that the lifetimes of the starbursts are independent on mass. Therefore, considering the strong correlation found between postbursts and starbursts at lower luminosities we can infer from the high fraction of postbursts that the number of starbursts at high luminosities have been underestimated by a factor of 5-7. One reason for this is that the dust opacity increases with mass and luminosity. The starburst phase is to a large extent hidden by dust while the postburst phase is less affected. If the AGN phase is following the starburst phase, the obscuration will be less severe here too. But the third reason for the lack of starbursts is that the burst is outshined by the AGN and thus is not easily recognized.
Masses
There is an ongoing discussion about the cause of the broadening of the Balmer emission lines, whether dominated by virial motions and/or regular rotation and thus potentially useful for mass determinations or by non-ordered motions caused by gas infall or supernova generated outflows. In a few papers (Terlevich & Melnick 1981; Melnick et al. 1987 Melnick et al. , 1988 it was demonstrated that the velocity dispersion of H II regions derived from the width of the Hβ emission line, σ Hβ , is correlated with their luminosities, thus indicating that there should also exist a similar relation between σ and mass. Guzman et al. (1996) took the idea further and demonstrated, looking at a small number of galaxies, that emission line widths indeed can be used to derive reasonably correct masses. In two papers byÖstlin et al. (1999, 2001a) , Fabry-Perot spectroscopy was carried out on 6 blue compact galaxies and two companions. Also here a good agreement between dynamical masses and photometric masses was found. This is further confirmed by our recent study of a larger sample of local starburst dwarf galaxies (Marquart et al., in preparation) and other investigations (Bezanson et al. 2013 ).
Here we continue the comparison between dynamical and photometric masses. To derive the dynamical estimates of the masses, we use the Hα emission line widths. The velocity dispersion was derived from σ 2 corr = σ Hα 2 − σ IP 2 , where σ Hα = FWHM Hα /2.35 and IP signifies the instrumental profile. We have assumed σ IP =70 kms −1 , as obtained from the SDSS homepages.
The dynamical masses were derived under the assumption that we deal with flattened systems dominated by virial motions, which is reasonable for starburst galaxies in the mass range we are investigating. The relation we used was obtained fromÖstlin et al. (2001b):
where M dyn is the dynamical mass in solar units, R e f f is the effective radius in kpc and σ corr is given in kms −1 . Here we will assume that R e f f = R 50 . R 50 contains 50% of the Petrosian flux. The Petrosian radius defines a region containing essentially all of the flux of an exponential galaxy profile and about 80% of the flux for a de Vaucouleurs profile.
In Fig. 18 we show how our baryonic masses correlate with the dynamical masses. To calculate the total masses we have added a crude estimate of the gas mass based on observations of star-forming galaxies of various masses. The total gas mass was estimated to be M gas =M HI +M He +M H2 . The H I relation was obtained from a linear fit to various data in the literature giving logM HI =-0.35*M B +2.64 (Bergvall et al., in prep.) , where M B is the absolute magnitude in the Cousins B band. To this was added a helium component of 25% in mass. The molecular masses were obtained from Sage et al. (1992) and Georgakakis et al. (2000) . We assumed a linear relation giving logM H2 =-0.45*M B +0.35. Masses are in solar units. We applied these relations assuming M g =M B where M g is the absolute magnitude in the SDSS g band. The total baryonic mass is then M tot = M gas +M stars , whereM stars includes stellar remnants.
As we see from the diagram, there is a strong linear one-toone correlation between the two masses over most of the mass range. Fig. 19 shows the distribution of baryonic masses indicating in red the cases where σ obs < σ IP . About 2% of all galaxies have this problem, most of them below masses of ∼10 9 M . From Fig. 20 we see that the distribution of the ratios between the dynamical and baryonic masses is nearly gaussian around a value close to 1. That could indicate that outflows are not prominent enough to influence the ionized gas motions in which case we would see a skewed distribution towards the positive side. The similarity between the two types of mass determinations seems to indicate that the contribution from dark matter (hereafter DM) to the the dynamical masses is insignificant within the relatively compact starburst region. There are no broad investigations of the mass distributions in starburst galaxies. If we have a look at normal galaxies it is well known that gas rich dwarf galaxies with baryonic masses below ∼10 9 M are DM dominated over most of the stellar main body (e.g Oh et al. 2011) . In more massive disk galaxies, ∼10-50% of the mass is in baryonic form inside the peak of the rotation curve, i.e. at distances from the centre <2.2 scale lengths (Martinsson et al. 2013) . In starburst galaxies, we expect the gaseous component to be more centrally concentrated due to angular momentum transfer from the gaseous component to the old stellar component (Papaderos et al. 1996; van Zee et al. 2001; Lelli et al. 2012) . Therefore the baryonic component traced by Hα emission, tightly following the optical profile (Herrmann et al. 2013) , should be more prominent than in quiescent galaxies and may account for the low influence of DM. From Fig. 18 and Fig. 20 we derive an approximate relation between the dynamical and baryonic masses: log(M dyn )=(log(M tot )-0.05)±0.35.
The agreement at intermediate-high masses is remarkably good. A common problem with observations of starburst galax- Fig. 3 . The dotted line at EW Hα = 150 Å corresponds to the minimum value (but not sufficient) of EW Hα to qualify as a starburst with the b>3 criterion and an age <1 Gyr if the SFR is assumed to be constant during the burst. The octagon symbols represent the surface density of the data points. The ies in the optical region is that the light from the young population completely dominates the emission and therefore makes it difficult to determine the contribution from the old stars. It seems that we have managed to take the old population into account in a way that allows us to use the masses at least for statistical purposes. The tight correlation also seems to give support to a practical use of the emission line widths at high redshifts to determine the baryonic masses inside the optical disk.
Basic properties of the candidate samples
Here we will have a look at the basic characteristics of the sample constrained by EW Hα ≥ 60 Å for starburst candidates and EW Hδ ≤ -6 Å for the postburst sample. Then we will investigate the more constrained samples defined by the b-parameter and the f burst parameter. It is enlightening to begin by looking at where our selected galaxies end up if we would place them in the theoretical diagram seen in Fig. 3 , remembering however that this diagram is based on the assumption that the SFR is constant, while we assume exponentially decaying SFR in the models. The result, showing how EW Hα correlates with age, is seen in Fig. 21 . The horizontal line corresponds to the minimum (necessary but not sufficient) value of EW Hα if a star formation epoch of an age lower than 1 Gyr should be regarded as a starburst if we apply the b > 3 criterion. The situation becomes more clear if we have a look at Fig. 22 showing the b-parameter versus age, which is fairly similar to the second part of Fig. 3 . Except for displaying the b=3 limit (red solid horizontal line) between starbursts and non-starbursts we also show the line above which the mass of the burst is more than 3% of the total mass. We do this for three different star for- mation histories: constant SFR (solid blue line), an exponentially decaying SFR with times scales 10 and 100 Myr (red dashed and green dot-dashed lines). For an exponentially decaying SFR the minimum value of the b-parameter necessary to fulfill the f burst criterion at a certain burst age t * , assuming (as we do here) that the age of the old population is 10 Gyr, can be expressed
In Fig. 22 we see a rather even distribution of b-parameter values from 15 Myr up to 400 Myr. We also note that on the righthand side of the diagram, below the b=3 line, we find galaxies that very likely fulfill the f burst criterion but not the b >3 criterion. We will show below that this is confirmed from the modelling. The upper limit of the ages, ∼ 400 Myr, is in agreement with the typical gas accumulation time scale in e.g. a merger. The upper boundary of the b-parameter, b ∼10, appears to be independent of age, indicating a significant self-regulation in the star formation process. In a simple scenario, the maximum SFR allowed in a starburst is equal to the rate at which the total gas content is converted to stars over the dynamical timescale (Kennicutt 1998) . For a Milky-Way type of galaxy it is convenient to express it:
where τ dyn is the dynamical time scale. Consequently, the maximum b-parameter value is
Where age is the age of the galaxy, assumed to be 10 10 years. For the Milky Way we adopt M gas =7×10 9 M , M stars =6×10
10
M and τ=10 8 years, and obtain b max ∼12, in complete agreement with the approximate upper limit in the diagram. For galaxies with extreme M gas /M stars ratios, this number may reach values that are ∼5 times higher.
In Fig. 23 we see the age distribution of galaxies fulfilling the b >3 and the f burst criteria. A prominent peak is seen at 50 -90 Myr. We can understand the sharpness of the peak if we consider how the visibility of the galaxy increases with age if the SFR is constant. Another conclusion (as was indicated also by Fig. 22 ) is that galaxies that fulfill the mass fraction condition tend to fall below the b-parameter condition at high ages. A significant fraction, essentially the tail at log(age)>8.2 in Fig. 23 , do not have genuine starburst progenitors but are produced through a long epoch of SF at a b-parameter between 1 and 3.
We may compare the age distribution of the starburst sample to the age distribution of the postburst galaxies shown in Fig. 24 . A peak, corresponding to the ∼ 100 Myr peak in the starburst sample, is seen about 300 Myrs later, more or less as we expect according to our models. Also in the Bruzual & Charlot model (Bruzual & Charlot 2003) , the peak in Hδ occurs about 400 Myr after an instantaneous burst.
We can proceed a bit further with this discussion. Fig. 25 shows how much fainter the postburst galaxies are expected to be if the star formation history continues with the exponential decay time scale chosen by the programme. It should be the minimum change but could be a factor of 2 higher for short bursts or rapidly quenched bursts. Roughly we could say that the change in luminosity is a factor 2-3. At the same time the duration of the visible postburst phase is a few times longer than the starburst lifetime. These two effects compensate each other very closely so we would expect the postburst LF to be very similar to the f burst >3% starburst LF. Indeed this is what we observe (see below).
Mass trends in the starburst and postburst samples
We will now focus on mass trends in the two samples. We will look at starbursts obeying the b-parameter criterion and the postburst sample obeying the Hδ criterion. First we look at the starburst sample. Fig. 26 shows how the b-parameter relates to the mass. As is seen, the median value of the b-parameter stays almost constant at b ∼ 4, independent of mass. The weighted meanb is close to 5, slightly decreasing towards higher masses. Fig. 27 displays how the mass fraction relates to the total mass. What is striking is the flatness of the relation at intermediate to high masses. Although the masses differ by a factor of 100, the median fraction of mass used in the burst is the same ∼ 1-2 %. Both the near-constancy of the b-parameter and f burst signal that the balance between star formation triggering and negative feedback processes are remarkably well balanced. The mass fraction is of course higher in the mean in the postburst sample in the lower part of the diagram since only starbursts with f burst > 3% will manage to produce a postburst spectrum and also because we most likely do not observe the starburst at the very end of the burst. However it is not obvious why there is a systematic upturn towards low masses. Fig. 28 shows how the starburst age relates to the total baryonic mass of the galaxies under two different conditions, b >3 and f burst >3%. In the first case the ages are almost independent of mass. This near constancy is in agreement with the analysis of ellipticals by Hopkins & Hernquist (2010) .
In the bottom figure we show the mass as function of age under the condition that the mass fraction should be larger than 3%. We can clearly define two branches in lifetimes. Part of this dichotomy is probably caused by the discreteness in SFR decay rates we use in the models. However, there is a prominent change in lifetime starting at a baryonic mass of ∼10 9.5 M . The shift occurs at a mass lower than the break observed by Kauffmann et al. (2003b) in the colours of SDSS galaxies. We think the reason may be the presence of bars in the more massive galaxies that helps to maintain star formation over a longer time interval through inflows towards a central nuclear starburst or starbursts caused by mergers of several galaxies in compact groups. Anyway, the galaxies that account for the increase in median lifetime at high masses are often not fulfilling the b >3 criterion.
Cold outflows
Galactic outflows are known to be quite common in galaxies of high star formation activity (Heckman et al. 1993; Papaderos et al. 1994; Lehnert & Heckman 1996; Heckman et al. 2000; Martin 2005; Amorín et al. 2012) and are found at all cosmic epochs (e.g Bergvall & Johansson 1985; Johansson & Bergvall 1988; Heckman 2001; Pettini et al. 2001; Frye et al. 2002; Fig. 28 . The total mass of stars, stellar remnants and gas versus the starburst age. Two different restrictions are applied. In the top diagram the condition is that the b parameter should be b >3. In the lower diagram the restriction is that the burst mass fractions should be higher than 3%. The green markers are medians in Log age. Shapley et al. 2003; Elson et al. 2013; Noterdaeme et al. 2012) . As was mentioned in the introduction, under certain conditions superwinds generated by SN activity can drive cold ( < ∼ 10 4 K) gas out to large distances from the starburst before the gas is experiences instabilities and/or is heated by conduction (e.g. Chevalier & Clegg 1985) . These events may have a strong influence on the global properties of starburst galaxies as well as the ambient intergalactic medium. A few observations of galaxies in the local universe show that the condition for 'blowout', i.e. a significant part of the cold gas being accelerated to velocities higher than the escape velocities may be fulfilled (Ott et al. 2001) . Another aspect is that mass outflows may open channels for Lyman continuum radiation to leak out and the importance of starburst dwarfs as sources of the cosmic reionization have often been discussed.
Different methods are employed to study cold flows, e.g. broad emission lines and Hα morphologies indicating outflows in the minor axis direction (Lehnert & Heckman 1996) and blueshift of absorption lines in the cold gas (Heckman et al. 2000; Grimes et al. 2009; Chen et al. 2010 ). We will here just briefly discuss the problem and see what we can find from the SDSS data.
Observations show that cold outflows occur in galaxies with a high SFR per surface area, Σ S FR . Typically, outflows are observed if Σ S FR >0.1M yr −1 kpc −2 (Heckman 2002; Chen et al. 2010) . This limit is supported by theoretical modelling (Murray Scannapieco 2013) . We calculated Σ S FR using the area πR 2 50 , in line with Rubin et al. (2010) . Kornei et al. (2012) argue for a slightly different way of deriving the area A = πR 2 P /3.7, where R is the Petrosian radius, which will result in slightly lower values of Σ S FR . Fig. 29 shows the Σ S FR as function of mass. The upper limit of the envelope agrees with the conclusion drawn by Lehnert & Heckman (1996) , namely that "no starburst" seems to have a surface density of star-formation above ∼ 20 M yr −1 kpc −2 . This was interpreted as an indication of self-regulation in the star-formation process. In the diagram we also see the sample divided into galaxies with high b-parameters (b >5) superposed on galaxies with low b-parameters (b <5). We see that there is a correlation with both mass and b-parameter. Massive strong starbursts seem to have the best conditions to lose gas into the halo as a result of the starburst. This is downsizing in action.
How important are AGNs as drivers of the outflows? If they are important, one would expect to see them in action at high masses. Presumably this would lead to an anti-correlation between starburst age and galaxy mass. We find no such relation. Sell et al. (2014) investigate the outflows found in 12 massive galaxies, half of which contain AGNs, and conclude that the major drivers are actually starbursts. But a complete blow-out seems rare. Decker French et al. (2015) discovered recently large amounts of molecular gas in postburst galaxies that ".. rule out complete gas consumption, expulsion, or starvation as the primary mechanism that ends the starburst in these galaxies". The mystery remains.
Discussion
From the previous presentation we can conclude that starburst galaxies, defined as galaxies with b >3 or f burst >3%, contribute marginally to the star formation history in the local universe. This is confirmed by previous studies both in the local universe and at high redshifts (e.g. Kennicutt et al. 1987; Noeske 2009 ). In the paper by Lee et al. (2009a) , SFRs are derived for dwarf galaxies within a 11 Mpc volume. According to their model, a galaxy with EW Hα = 100Å has b ∼2.5. They use this limit as a starburst criterion and find that 6% of the local population are starbursts. We may compare our results with the data in their high luminosity bin (-19≤M B <-17) where they obtain 5 +5 −3 %. If we apply the same b-parameter criterion we obtain a somewhat lower number, about 1σ off. Brinchmann et al. (2004) use a similar method as we do here to derive the b-parameter. Assuming a starburst to have b >2-3 they find starbursts contribute about 20% of the star formation in the local universe. If we apply b >2 as a criterion, the number of starbursts increases with a factor 1.6 and we arrive at a contribution of ∼ 8%. This is significantly lower than the result by Brinchmann et al..
In our study we have chosen to define a starburst as an event that will drastically influence the evolution of the galaxy over a short time. If we prefer to use the concept starburst as a measure of a dramatic change in the SFR compared to the normal state, the b-parameter is not the optimum parameter to use since one would have to lower the criterion with decreasing gas content. This motivated McQuinn et al. (2010a McQuinn et al. ( , 2009 ) to base their b-parameter on the stars formed during the latest 6 Gyr. This illustrates the problem with the semantics. How can we unite these different definitions?
There are many claims that starbursts are related to tidal interactions but there are also critical views. Indeed, there is statistical evidence of increased SF activity in interacting galaxies but starbursts are relatively rare (Hummel 1980 (Hummel , 1981 Kennicutt et al. 1987; Bushouse et al. 1988; Brosch et al. 2004; Casasola et al. 2004; Smith et al. 2007; Di Matteo et al. 2008; Knapen & James 2009 ). We argued, from comparing SF properties of isolated pairs to isolated single galaxies, that interactions rarely gave rise to starbursts. We also claimed that most Arp galaxies had a modest enhancement in SFR, a result that has been confirmed in other studies (e.g. Smith et al. 2007) . Many of the studies mentioned above found a weak enhancement of star-formation in disks of interacting disk galaxies but an enhanced activity in the nuclear region. We also actually found an increase in SFR in the very central regions of a factor of ∼2. Similar results were published later, some showing a systematic increase in SFR with decreasing distance between components in pairs (e.g. Nikolic et al. 2004; Li et al. 2008; Scudder et al. 2012) . In most cases however, the increase in SFR is very modest and does not influence the global SFR significantly. On the other hand, many observations (e.g. Scudder et al. 2012) indicate that the strongest starbursts were triggered by mergers and most likely the merger rate is correlated with the mean distance between galaxies. When one finds a tight pair of galaxies, there is an increased probability compared to isolated galaxies that a merger took place quite recently. One may think it is the close encounter that caused the starburst when in fact it is a recent merger and it only seems as if the neighboring galaxies caused the starburst. This can probably be proven from galaxy-galaxy correlation analysis.
Observations indicate that the merger rate increases with redshift (e.g. Conselice et al. 2003; Bell et al. 2006; Lackner et al. 2014) . Does this mean that the starburst rate is also increasing with redshift? It seems not. Although the main mode of star formation in the early universe was through mergers (Overzier et al. 2008 ) and the general SFR increases, fluctuations from the mean seem to stay the same (Noeske et al. 2007 ). The feedback effects nicely regulate the mean SFR.
In a study of elliptical galaxies, Hopkins & Hernquist (2010) tried to separate the burst component from the old component using the Kennicutt-Schmidt law "in reverse". They came to the conclusion that single bursts typically contribute to the stellar production with about 10% of the total mass and that the star formation proceeds in cycles on a time scale of ∼100 Myr. The time scale agrees nicely with what we have derived and also with Lee et al. (2009b) and determinations from CM diagrams of local galaxies (Vallenari & Bomans 1996; Dohm-Palmer et al. 1998; Weisz et al. 2008) . It also agrees well with theoretical models (Mihos & Hernquist 1994; Hopkins et al. 2013 ) but longer than Mihos & Hernquist (1996) . The burst mass fraction (cf. Fig. 27 ) in general is lower in our postbursts but rises towards low masses to a level close to 10%. In a simulation of the Antennae galaxy, Renaud et al. (2008) propose that the extraordinarily good conditions for star cluster formation in the system could be explained by the formation of compressive tides. Again we find the same time scale for the survival of the compressive mode, about 100 Myr. A longer duration was found by McQuinn et al. (2009 McQuinn et al. ( , 2010b but their definition of starburst differs from ours. Anyway, it seems obvious that starbursts occur in a 'breathing, episodic' mode (Stinson et al. 2007 ) and if the bursting mode is caused by mergers, models predict a rather weak burst efficiency (Cox et al. 2008) , allowing a reoccurance.
Conclusions
We have used data from the SDSS DR7 release in the redshift range 0.02≤z≤0.4 to investigate the starburst properties of galaxies in the local universe and to establish a link between starburst and post-starburst galaxies. In order to select the starburst candidates we assigned a lower limit to the Hα emission line equivalent width of EW Hα = 60Å. This sample contained both starbursts and non-starburst galaxies that later were separated after proper treatment of the effects of dust attenuation. The selection criterion for the postburst galaxies was based on the Hδ line in absorption, EW Hδ ≤ -6Å. In the analysis, we used a spectral evolutionary model based on two stellar components -a young and an old. The young component is allowed to vary in age and mixes with the old component until we obtain a best fit that also gives a EW Hα that agrees with the observations. AGNs were selected into a separate group. The AGNs start to mix with the starburst/postburst sample at M r -20 and therefore studies of starburst properties in the bright end of the LF demands special care. In this study we focus on the sub-L * population and do not treat the AGN problem in detail.
The corrections for dust attenuation is important and we have used two different methods to carry out this correction. In the emission line sample we have used the Hα/Hβ ratio and assumed that the attenuation is age dependent and dramatically changes over a few Myr during the young phase. In the postburst case we have tentatively modified the amount of dust until we get the best fit. From the model we derive SFRs, ages and masses of the young and old component.
We also derive dynamical masses from the width of the Hα emission line. There masses were compared to the photometric masses, after adding an estimate of the gas content. We find a tight relation between the two over almost the entire mass range which gives us confidence that our masses are reliable to within σ=0.35 dex.
We defined a starburst as a galaxy with a birthrate parameter
S FR
<S FR> ≥3. In the lower part of the LF this population corresponds to only ∼0.25% of all galaxy types in the local universe. One star-forming galaxy out of 300 is a starburst. They are therefore insignificant for the stellar production today. The median value of the birthrate parameter is b ∼ 4 and is independent of mass.
The typical mass fraction of the burst population is 1-2% of the total mass, weakly rising towards lower masses. In the analysis of the postburst sample we find that in 95% of the sample, the decaying burst component has a mass > 3% of the total mass. We can select a subsample of our postburst candidate sample and derive the properties of the future generation of postburst galaxies to compare to our observed postburst sample. We then find that the observed LF of the postburst sample and the f burst ≥3% samples should overlap in the low-intermediate-mass end. This is what we see in the LF we derive. We therefore think we have established a link between the active starburst and some of its descendants. Short bursts may have high birthrates but low f burst . They will not show up as postbursts. On the other hand we also find that a small part of the postburst galaxies stem from starforming galaxies with b <3.
At high luminosities AGNs will dominate the population while the starburst population diminishes. But the relative number of postbursts are almost independent of mass/luminosity, indicating, since we show that the ages of starbursts are mass independent, that the starburst frequency is also nearly constant. This means that starbursts often, but not always it seems, occur hand-in-hand with AGN activity but that the light from the starburst is outshone by the AGN at luminosities above M r ∼-21. At high luminosities starburst galaxies are down by a factor of 10 with respect to the AGN population. However, if we look at the postburst population, taking into account the luminosity change between starburst and postburst galaxies as well as their lifetimes, we find that, if the duration of the AGN phase is comparable to the duration of the postburst phase, a large fraction (∼1/3) of the AGNs would host a starburst.
The age of the starbursts is ∼100 Myr, also independent of mass. The age of the postburst population is a few 100 Myr higher as one would expect if the starburst was momentarily shut off.
An interesting question is the ability for a starburst to create SN superwinds that can lead to removal of a significant fraction of the gas in the system. It is a question that also has an impact on our understanding of the cosmic reionization. We used the SFR per area as a criterion for gas removal efficiency and find that massive galaxies with high b-values are the most probable drivers of mass ejection. This supports the downsizing scenario for star formation as function of redshift.
We have shown that SFRs in galaxies fluctuate more or less in a random fashion. Starburst galaxies are not occupying a peculiar parameter space but are simply the "5 sigma" deviations from the mean. The processes that initiate starbursts, in the majority of the cases probably mergers, seem to be balanced by feedback processes that hinder catastrophic events and ensures that the star formation efficiently has a maximum level. This appears to hold over the entire mass range. There are reasons to believe that the situation does not dramatically change with redshift but that the change is in the mean SFR. This does not mean that starbursts are unimportant. Starburst galaxies represent the ultimate testbench on galaxy scales for the physical processes in the modern universe. By studying starbursts we learn to understand the distant universe when the occurrence of events we now call starbursts were active. The high power of starbursts makes it possible to inject lots of energy into the ISM and drastically change the conditions and properties of a galaxy. Superwinds, high neutron rate production, Lyman continuum and Lyman line leakage, AGN ignition and many other unsolved feedback processes are some of the very exotic consequences of true starbursts.
In this study our results rely heavily on the outcome of our spectral evolutionary modelling. The information contained in a lowdispersion spectrum of a young stellar population is quite limited and it is relevant to ask to what extent we can trust the results. We should also be concerned about our lack of information about what preceded a strong starburst, the metallicity of gas and stars and the stellar mass function.
Our spectral evolutionary model has previously been used in different contexts. It has been tested on super star clusters, blue compact galaxies and low surface brightness galaxies and seems to behave well in these cases (e.g. Zackrisson et al. 2001; Bergvall &Östlin 2002; Östlin et al. 2003; Zackrisson et al. 2005) . In the present investigation we therefore feel that we may limit ourselves to a few tests focused on the determination of the age and mass fraction of the young component.
Ideally we would like to test our model against a set of simulated galaxies with known properties of stars gas and dust, covering the range we expect in our sample. Here we do it simple but good enough to give us the information we need. We create a grid with simulated spectra of a mixture of an old and a young population. The parameters we vary are the metallicity, the star formation history and the relative mass fraction. To this we add various amounts of random noise. We will show in the following how the parameters of the input model relate to the the output. Of course a weakness is that we produce the synthetic spectra with the same software as the one we analyse the spectra with. But it is important to look at the uniqueness of the fits. For example, the programme can reliably distinguish between a mixture including a burst with a 100 Myr timescale from a mixture with an older burst with 300 Myr timescale? And when can we start to rely on the mass fractions? Starbursts with large mass fractions completely dominate the light over that from the old generation so if the spectra are noisy, to what level can we retain the initial information? As an additional test we will compare the total masses, young+old, determined by our model and the Starlight model (Cid Fernandes et al. 2005) .
A.1. Starbursts
Here we will have a look at the correlation between age and mass fraction that is given as input and compare it to what the spectral evolutionary model suggests. The input model spectrum is a mixture of a young starburst population and a 10 Gyr old component that was formed in a burst of duration 100 Myr. Model spectra were then produced at a few discrete ages as seen in the diagrams. The metallicity was fixed to Z=0.008 (∼40% solar). In the analysis of the model spectra, the metallicities were allowed to take on the values Z=0.004 or 0.008 and the exponential timescale the values 100 Myr or 1 Gyr. The synthetic spectra were degraded with random gaussian noise resulting in three different S/N: 10, 20 and 40. This corresponds well to the range in S/N of the Sloan spectra as shown in fig A. 1. The S/N in these were derived in the region 5400-5800 Å and the median S/N was found to be 17.6.
In Fig. A.2 we show the age we recovered from the model as function of the age of the starburst in the synthetic spectrum. Metallicities and decay rates are the same in the model producing the synthetic spectrum as in the model recovering the age and mass fraction. The correlation is strong even in the sample with the lowest S/N, with a maximum deviation of 0.1 dex.
In Fig. A.3 we show a similar relation but while the metallicity is fixed to Z=0.008, the decay rate is allowed to vary in the Fig. A.1 . Distribution of the S/N in the region 5400-5800 Å of the SDSS starburst candidate galaxy spectra included in this study, as measured by us. Fig. A.2 . Derived age of the burst (ordinate) versus the input age (abscissa). Here the star formation history is fixed to one single model with a decay rate of 1 Gyr and the metallicity to Z=0.08. Larger symbol: larger mass fraction modelling (τ=100 Myr or 1 Gyr). Here the fits are not as good as in the former case.
In Fig. A.4 we show a similar relation but while the metallicity and decay rate of the programme that produced the synthetic spectra were fixed (Z=0.008, τ= 1 Gyr) they are allowed to vary in the modelling (Z=0.004-0.020 and τ=100 Myr or 1 Gyr). As we can see, in this case the ages agree very well even if the spectra are noisy. We also note that the timescale and the metallicity of the burst that the fitting code chooses agree to almost 100% with the input data. The choice of metallicity of the old component is less stable but this is of less importance since we are mainly interested in the starburst component and the old component never dominates the light.
In Fig. A .5 we show how the mass fraction can be recovered. We see that we are quite safe at spectra of high S/N but run into problems at S/N=20, in particular at high mass fractions and low ages. The mass fractions tend to be underestimated. We argue in our investigation that mass fractions of starbursts in general are Fig. A.3 . Derived age of the burst (ordinate) versus the input age (abscissa). The input model has a decay rate of 1 Gyr but there are two different choices for the star formation history in the fit, either with a decay rate of 100 Myr or one with 1 Gyr. The metallicity fixed at Z=0.008. Larger symbol: larger mass fraction. Fig. A.4 . Derived age of the burst (ordinate) versus the input age (abscissa). The input model has a decay rate of 1 Gyr but there are two different choices for the star formation history and metallicity in the fit, either with a decay rate of 100 Myr or one with 1 Gyr and a metallicity of Z=0.004 or Z=0.008. Larger symbol: larger mass fraction.
low. Of course we cannot exclude that some of those galaxies, in case the S/N is low, in fact have a significantly higher mass fraction but continuity arguments tell us that this is very unlikely and should not affect the general results. From the diagrams we may say that mass fractions below 50% typically agree to within 0.2 dex.
More information about the stability of the solutions presented here can be obtained by comparing the best fits with the worst fits emerging from the full combination of the model parameters given in Table 2 , i.e. 12 results for each galaxy. Figure A .6 displays histograms of the deviations between the best and worst fits. We plot the parameter ∆ defined as the log of the ratio between the worst and best fits among the 12 different model results, ∆=log(worst/best) where we look at the parame- 
A.2. Postbursts
We have limited possibilities to compare our starburst model results with other modelling since in almost all cases the nebular component is not included in the other models. But we may compare postburst modelling. Here we have had a look at the Starlight model (Cid Fernandes et al. 2005 ). Since our model is a bi-component model (young and old) and the Starlight model is a multicomponent model, our concepts 'postburst component' and 'mass fraction' of the two components are non-existent in the Starlight model. But we can compare the total masses derived from the spectral fits, including both young and old stars. We ran about 500 galaxy spectra with Starlight and then compared the derived spectro-photometric masses. Fig. A.7 shows the relation between our total masses and those derived from Starlight. The masses are based on fiber magnitudes. As mentioned above, we used the diet Salpeter IMF to derive our masses while Starlight uses the Chabrier IMF (Chabrier 2003) . Considering that the models have such different approaches in the derivation of the age and mass distribution of the stellar content one must say that the fit is quite satisfactory (1σ ∼ 0.13 dex). The size of the symbols are roughly proportional to the inverse of the dust attenuation. Large symbols thus means the the correction for dust attenuation is small. It seems that dusty galaxies with low masses systematically deviate so that the Uppsala masses tend to be higher that those derived with Starlight.
A.3. Metallicities
We have used three different metallicities in the model, 20% solar, 40% solar and 100% solar. First of all we find it interesting to see if the metallicities correspond reasonably well to the metallicities obtained from the analysis of emission lines. In Fig. A.8 we see histograms of the distribution in metallicity for three different luminosity bins. Even though we cannot really argue that we can use our results to make rough determinations of metallicities, it is nevertheless interesting to see it as a check of how reliable our models are. As one can see from the diagram, the model mean metallicities increase with luminosity, as expected. The distribution of the metallicities of the models that gave the best fits to the observed spectra.
